Introduction.
Colloidal systems are currently under active investigation [1] . They present an interest on their own and also provide us with models which reproduce molecular phenomena in easily accessible ranges of length and time. One particularly interesting limit corresponds to suspensions of large (i.e. : micron range) but still Brownian objects. Indeed, a direct microscopic observation of their behaviour is possible whereas the system still obeys the fundamental laws of statistical physics.
We present here results concerning the two-dimensional field induced aggregation and crystallization of a suspension of calibrated latex spheres in water. After giving in the second section the description of the experimental observations, we discuss their signification in view of the current literature in the third one. In particular we investigate the fractal nature of the obtained texture, and comment on the relevance of our observation of a phase of « hexatic » symmetry between the crystal and the isotropic liquid.
Experimental observations.
Suspensions of polystyrene spheres in water are stabilized by repulsive electrostatic forces [2] . Each sphere bears a negative charge [3] resulting from the ionization of terminal end groups [4] .
The following of the note is devoted to the attractive regime. Once a two-dimensional structure is formed, one can monitor the interaction between particles by simply changing the frequency of the applied voltage. The observation shows that the aggregates assume a triangular structure (Fig. 2) . If one irradiates with a laser beam a large area (i.e. : large number of clusters : a few mm2 area) the scattering pattern reveals that the averaged structure is isotropic, and that no long-range positional order exists : indeed the scattering pattern consists of totally isotropic rings (in fact a series of 3 rings corresponding to the successive reticular rows of the triangular structure) which are broader than the optical resolution (the scattering pattern with no applied voltage is just the form factor of the spheres). If one focusses the laser beam down to a few clusters, (Fig. 3a) . Fluctuations are seen with the naked eye both in real and Fourier space, which proves the thermal nature of the investigated state.
A subsequent increase of frequency leads to a dramatical change (Figs. 3b, 3c ) : the spots which were essentially resolution limited become broad and one observes the pattern expected from a hexatic phase [5] . It should be noted that the structure is very mobile : a high degree of fluctuations is observed, the intensity of the fundamental (diffuse) spots vary significantly with time (over periods of the order of minutes) but the direction of the hexagon appears to be well defined on the same time scale. Figure 3c , obtained at higher frequencies than figure 3b shows a more disordered system, which still keeps the D6h point group symmetry. Presumably many types of defects coexist in this phase, a direct microscopic observation is not easy because of strong thermal motions.
Eventually, increasing further the frequency (v ~ 6 kHz), the scattering pattern acquires full cylindrical symmetry and corresponds to a 2d (correlated) isotropic liquid (Fig. 3d) .
It is important to remark that the spheres remain close to the interface so that the whole process is two-dimensional, except the last stage (isotropic liquid) in which the particles progressively diffuse in the bulk. As far as this kind of direct observation can tell, the frequency dependence is entirely reversible and continuous.
Discussion.
If the attraction of the spheres by the electrodes is easily understood in terms of image interactions, the attraction between the spheres in the two-dimensional regime is much less transparent. Indeed a purely dipolar interpretation would lead on the contrary to a repulsion (e.g. : parallel dipoles in a plane perpendicular to their common direction). The These results are slightly but systematically higher than the 5/3 value of two-dimensional diffusion limited aggregation (DLA) [6] . This is not quite surprising since, in the DLA model, one single cluster is allowed to grow from a seed particle, whereas in our case a « homogeneous clustering » occurs by the aggregation of a collection of particles. The most appropriate model is the clustering of clusters developed by Kolb [8] . Two regimes may be distinguished [9] : a low density one corresponding to flocculation in which scaling is observed with a small fractal dimension (D ~ 1.38); a high density one (Peff = N~)/S ~ 1 with N~ total number of clusters, R mean cluster radius, S total area) corresponding to the sol-gel transition. Close to this transition, fractal structures are again found, but with a larger dimension : D ~ 1.72 ± 0.1 [10] . The latter value agrees well with our experimental result, both numerically and conceptually. It is for instance very clear on figure 2 that our experiments were performed in a regime very close to the sol-gel transition. Note that a percolation analogy would lead to D ~ 1.8 which we cannot rule out [11] , and that two-dimensional non-Brownian aggregation gives significantly lower values [12] .
Eventually we comment on the melting process. The current belief is that it can occur either continuously in two steps including the so called « hexatic » phase, or discontinuously directly to the isotropic state [13] . In some cases computer simulations suggest the existence of the hexatic phase [14, 15] but often favour a first-order transition [16] . The largest cluster we have investigated contains about 1 000 particles which corresponds to most computer simulations (except the very last one which bears on 10 864 particles) [16] . Our observations reveal a continuous change from a (limited size) crystal to an isotropic liquid, via a phase which possesses the hexatic symmetry (Figs. 3b, 3c) .
One [17] . We remark that it is in agreement with the existence of hexatic B 3d
liquid crystals [18] , and also with recent work on two layers freely suspended smectic films [19] . As a conclusion we believe that the study of systems near the Brownian-non Brownian limit is useful to illustrate the behaviour of more conventional systems. In this note, we have analysed the most salient features of our observations : of course more quantitative work is required and will be performed. Let us point out that even this first approach may suggest new ideas on long studied systems : one of the problem in the understanding of the behaviour of Langmuir films in the absence of any plateau in the 7r(~4) curve (n surface pressure, A specific area) at the expanded phase-condensed phase transition. Just like in our experiment there is no coupling to gravity, and one can conjecture that the condensed phase tends to aggregate and leads to a fractal object. It is then clear that the 1t(A) curve will have nothing to do with the three-dimensional P(~) plateau, since the transition conditions depend locally on the cluster size.
